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SECT. IL 


 GENERAL-LAWS IN MECHANICS, 


Every body, or maſs of matter, continues in a 
ſtate of reſt, or of uniform motion in a ſtraight 
line, till it is made to change that ſtate by ſome 
new force lnprefied, 

P R O P. II. | 

'The change of motion is always proportional to 
the moving force impreſſed, and is produced in 
the Kraight line in which that force acts. 

R 1 

Action and reaction are equal and contrary: 
that is, there is a reaction equal to every action of | WG; 
one body upon another, and in a contrary direc- j 1 1 
tions 15 that, when a greater force acts contrary 1 
RB 2 


4 MECHANICS. 


to a leſſer force, it will only produce a motion 
that is proportional to the difference of the twa 
forces. 


. 


If a body is acted upon by two forces, the di- 


rections of which make an angle, the body will 
move in the diagonal of a parallelogram, the 
lengths of two contiguous ſides of which are in the 
ſame proportion to each other which the reſpective 
forces are: and it will go thro the diagonal in the 


ſame time, that it would have gone thro either of 
the contiguous fades, if only one of the forces had 


acted upon it. 


Cor. Hence the force, by which any body moves | 


in a ſtraight line, may be reſolved into two other 
forces, which will be to each other as the ſides of 


a parallelogram, of which that Arnight line is the 


: * 
P R 0 8 yp. 4 


The motions and actions of bodies upon each 
other, in a place that is carried uniformly forward, 


are the ſame as if that place were at reſt: and any 


| Powers or motions that act upon all the bodies ſo 


as to produce equal velocities in them, in the ſame 


or in parallel lines, have no effect on their mutual 
actions or relative motions. 


tio 
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8 E E T. u. 


OF THE CENTRE OF MAGNITUDE, MOTION, 
AND GRAVITY. 


PROP. 1. 


The centre of magnitude, the centre of mo- 


tion, and the centre of gravity, may be'in the ſame, 
or in different points of the ſame body. 
Tt OW nr | 
The centre of gravity in a homogeneous circu- 
lar plane body, in a homogeneous globe, cylinder, 


parallelogram, and priſm, is the lame with the 


centre of magnitude. 
. II. 
The centre of gravity in a . trian- 


| gular plane body, is at the diſtance from the vertex, 


of two thirds of the line biſecting the oppoſite fide. 
In a homogeneous trapezium, at the point of in- 


terſection, of lines joining the centres of gravity of 


the triangles, into which the trapezium is divided. 
And in a homogeneous cone and pyramid, at the 
diſtance of three fourths of the axis from the ver- 
tex. 

Of the centres 5 gravity in bodies of irregular 

figures, or of heterogeneous parts; and the man- 
ner of finding their. centres of gravity "> experi- 
ment. 


PROP. IV. 


The common centre of gravity of two bodies, i is 


in the Graight line] ning their reſpective centres 


> —— 


PREM , 
* * 
A PO a”, 
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6 MECHANICS. 


of gravity; and the diſtance of the centres of gra- 
vity of the two bodies from their common centre 


of gravity, is reciprocally as their quantities of 


matter. 
ENO FP. V. 


The common centre of gravity of three bodies 


may be found in this manner. Take the common 


centre of gravity of two; conſider the two bodies 
of which that point is the common centre of gra- 
vity as. one body, then find the common centre of 


gravity of this compound body, and of the third 


body; and that point will be the common centre 


of gravity of the three. 
In the ſame manner we may find the centre of 
gravity of four, of five, « or of any ge number 
of bodies. 


PROP. VI. 


- If a line is drawn from the centre of gravity of : 
* 16 at right angles to the horizon, and if this 
line falls within the baſe upon which the body 
reſts, the body will ſtand; but if vithout, it will 
overſet or fall. 


| Cor. 1. If the centre of gravity of a body, or 


of a ſyſtem of bodies, be ſapported, the whole 
body, or the whole ſyſtem of bodies will be ſup- 
ported; and hence their centres of gravity may be 
_ confidered as their places, or the _ of pare 


which they occupy. 
Cor. 2. The larger the baſs Is upon which a 


body ſtands, and the farther within it the perpen- 
dicular drawn from the centre of gravity falls, the 
firmer the body will ſtand: and the leſs the baſe, 


Or 


cal 


MECHANICS. 6 
or the nearer to its extremity the perpendicular 


from the centre of gravity falls, ſo much the more 
eaſily may the body be overſet. 


This is equally true of many pieces of hetero- 


genequs matter, when united in fuch : a manner 


as to make one body. 


Car. 3. Hence the reaſon why bodies of the 


ſame baſe, but unequal heights, ſtand, or fall, up- 
on the ſame declivity; why ſome tumble, others 
roll, and others flide. 

Cor. 4. A double cone, the baſe of which has 
room to fink in an inclined plane, will roll up 
that plane, if the right fine of the angle of its 


elevation be leis than half the diameter of the baſe. 


of the cone. 


Con. 5. A cylinder in which the centre of 


gravity, and the centre of magnitude are not the 
fame, will roll up an inclined plane, if the right 
fine of the angle which the plane makes with the 
horizon, is leſs than the diſtance of the centre of 
magnitude from the centre of gravity, the ſemi- 
diameter of the cylinder being radius. 
Cor. 6. The centre of gravity and the centre 


of motion, of a mariner's compaſs, of a lamp, of 


a a marine chair, of a time-keeper, may be fo ad- 
juſted, that they will anſwer the deſign of their 

_ conſtruction as machines, tho a conſiderable and 
irregular motion be given to the bodies on which 
they are placed. 

= P R O P. VII. 

If two or more bodies move equably in any 
given ſtraight lines, their common centre of gra- 
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8 MECHANICS. 


vity will either be at reſt, or move equably 3 in the 


ſame ſtraight line. 
ER F. VI. 


The ſum of the motions of ſeveral bodies in 
any given direction, is the ſame as the motion of 
all the bodies in the ſame direction, moved with 
the velocity of the common centre of gravity. 
Of the centre of gravity in quadrupeds, birds, 
nnd men, when ſitting, ſtanding, at reſt, in mo- 


tion, with or without burdens, and in a variety of 


attitudes that require agility or ſtrength. 
PROP. IX. 
Tho animals have the power of changing their 
centres of gravity, according to the conſtruction 
of their bodies, and according to habits acquired; 


yet they are TER ſubject to the laws _ ex· | 


PRI FD Co 


SECT. u. 


OF THE DESCENT OF HEAVY BODIES UPON 
INCLENED PLANES. | 


PROP. 1 


A heavy body deſcends upon an inclined plane. 


with a motion equably accelerated; allowance be- 
Ing made for the reſiſtance or: the air, and the 
friction of the plane. 

Cor. 1. The velocities of a Fire body de- 


ſcending . an inclined plane are as the times. 


The ſpace paſſed over is the half of that which 


might have been uniformly paſſed over in the 


1 
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MECHANICS. 99 
fame time with the velocity laſt acquired. The 
ſpaces are in the duplicate ratio of the times or 
celerities. And the celerities and times are in the 


ſubduplicate ratio of the ſpaces. See GRAVITA® 


T1ON, Sect. 1. Prop. v, v1, vil. 

Cor. 2. The aſcent of a heavy body upon an 
inclined plane is a motion equably retarded. 

PROF. IL | | 

The time of a heavy body's deſcent upon an in- 
elined plane, is to the time of its deſcent in a per- 
pendicular, drawn from the height of the plane to 
à line drawn parallel to the horizon, thro the low- 
er end of the plane; as the length of the plane is 
to the length of the perpendicular. 

Con. The times of deſcent upon different planes 
of the e fame height are as the lengths of the planes. 


PROP. III. 


If from the upper end of an inclined plane there 
be drawn a line at right angles to the horizon, 
and if from any point of that line there be drawn 


a perpendicular to the plane; a heavy body will 
deſcend upon the plane from its higheſt point to 


that perpendicular, in the ſame time that another 
heavy body will fall from that point, to the point 
from which the perpendicular was drawn. 


_ Cor. 1. Hence we may determine the ſpace 


thro which any heavy body will fall in a perpendi- 
cular, while another falls thro a given ſpace in an 
inclined plane. And if there are two or more in- 


clined planes, and a ſpace is taken in the firſt 
which is paſſed over by a heavy 28 in a given 
B 
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12 MECH A NT-C'S: 

number of vibrations, is to the ſquare of 60, or 
the number of ſeconds in a minute; ſo is the 
length of the ſtandard pendulum, or 39.128 in- 
ches, to the length of the pendulum wie 498 

© 19 FF. . 

Tho the eye cannot perceive any URevonice, 1 in 
the times of the oſcillations of the ſame pendu- 
lum thro ſmall arches, yet there are differences; 
and they, in a great number of oſcillations, make 
conſiderable errors in meaſuring time. 


OF THE FreLoI, 


P R OP. v. 

IT) ne ofcillations of a pendulum moving in a cy 
cloid are performed exactly in equal times, in large 
arches as well as in ſmall: but if the vibrations of 
a pendulum, without a cycloid, are in ſmall arches, 

they will all be performed in the ſame time nearly; 
the cycloidical curve and the circle being nearly 
the ſame for a little way at the loweſt Poor: 


OF THE ROD PENDULUM, 


P RN O P. VI. 


If a rod, or cylindrical piece of matter, be ſuſ- 
pended at one end, and put into motion; it will 1 
oſcillate in equal times with a common pendulum, e 
the length of which is two thirds of the M's of | ©... "ble't 
the rod, ; hour 
Cor. 1. A rod or bar ofcillates in the n | be a 


manner as it would do, if the gravity of all its at th 
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parts were contracted into a point at twa thirds 


of its length from the pin; which Pw is called 


the centre of oſcillation. _- 
Cor. 2. If any obſtacle ſtops the centre of oſ- 
dillation, the whole motion of the bar will be de- 
ſtroyed at once; and, conſequently, the whole of 
its force will be received by that obſtacle. 
Cor. 3. If any other part of the bar ſtrikes 


_ againſt an obſtacle, the centre of oſcillation will 
tend forwards, and by that tendency break or bend 


the rod; if the force impreſſed be COL 
great. 


Cok. 4. Hence it is s eaſy to explain the centre 


ot percuſſion; or that part of an inſtrument, or 
weapon, which will ſtrike with the greateſt force. 
Cor. 5. All oſcillating bodies, of what ſhape 


ſoever, have their proper centres of oſcillation. 


If the ſtring, or wire, of a common pendulum be 


ſmall, and the ball large; its centre of oſcillation 
will be within the ball, and near its centre of gra- 


-vity. 


Cor. 6. The length of a pendulum muſt al- 


ways be eſtimated by the diſtance between the 
centre pt ſuſpenſion, and the centre of oſcillation. 


P R O P. VII. 


If a pendulum, which 8 ſeconds at the | 
© equiatpy, is 39 inches in length; the following ta- 
ble ſhews the ſeconds it will gain in twenty-four. 
hours at different latitudes; and the lengths to 


be added to it, in order to make it nn ſeconds 
at thoſe modes. | 


A is 
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Lat. 8 Seconds gained. Inches to be added. 


10 bi Q.00.62, 
Ml ones 26.7 9.9246 
309 57. 1 o. 0 5 16 
40 94.3 9.0853 
50 134.9 O. 1212. 
S8 153•˙2 0. 1386 
eee 171. 4 0.1549 
70 201.6 0.1824 
80 „ 221.4 9.2033 
9 22.3 2. 2065 


Con . Theſe differences ariſe from the figure of 
the earth, and from the different degrees of cen- 


trifugal foree communicated by the earth's motion 
to a pendulum in different latitudes. See GRAvh 


TATION, Sect. 1. MARCH AN ICs Set, Vi. 


OF MEASURES AND WEIGHTS. | 


Of the 1 hich wank ariſe to com- 


merce, and to philoſophy, from 2 ſtandard 


_meaſures, and weights. 


Without changing common names, meaſures of 


length and furface might be taken from a pendu- 
lum, as a ſtandard, that vibrates feconds under the 
- equator; or in a certain latitude: and this uni- 


verſal ſtandard might be divided and fubdivided 


Into decimal parts, with great accuracy and mis 


MECHANICS. "5 


nuteneſs. From the univerſal ſtandard, local ones 
might be made of bars of copper, having the ſame 
denſity and varniſh; and the ſame degree of heat 
when uſed. Meaſures of capacity might be cubes 
of the ſame univerſal ſtandard, and of its diviſions 
and ſubdiviſions. And weights might be cubes of 
copper of the ſame ſtandard; or of rae Piers 
when of a certain tee 


Of ns of the meaſures, and weights, that are 
moſt commonly uſed. 


Britiſh Meaſures of , and Superfcis: 


Barley 
A 
| 3 1 Inch. 

36 11 1 Foot. 


4 - 26 3 1 Yards ij 51 
04 198 165 4&5; x Pole. ©; 
23760 7920 66 92220 40 1 Fur. 
190080 6230S: $280 1 320 8 1Mile 


Forty des in length, and four in breadth, 
| make a ſtatute acre; or, 4840 ſquare yards. 

Before England and Scotland became one king- 
dom, the Scotch inch and foot were longer than 
the Engliſh, in the proportion of 196 to 195. The 
Scotch mile was 5920, feet. . And the Scotch and 
Engliſh acre, ſuppoſing the feet in both meaſures 
alike, were nearly as 5 to 4; but if the difference 
of the fect is taken into the account, 133 4949900 
to 1 5 69. 
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Britiſh Meaſures of Fluids; or, Liquid Meaſures, 


Cubic 

Inches. y 

231 1 Gallon. 

99702. © 42 ti eres. 

14563 63 1 Hogſhead: 

- 190404 4% i 15 1 Tuncheon.. 
"29106 126 7 2 1 1 Butt or Pipe 
Ni 252 -.6 4 "3 <4” Tun. 


The Scotch pint contains 105 cubic inches, 
| and the quart 210; which, therefore, is about one 


tenth leſs than the * wine . which con- 


tains 237. 
Scotch Gills: N 
9 I Muchkin. 
„„ WE. Chopin. 
16 4 1 © Binds 
3 JJ 
128 32 16 8 25 1 Gallon 


Britiſh Meaſures of Solids; or, Dry Meaſures. 


Cubic Inches.” | FIC 
268.8 1 Gallon. 


o N | 
J...ͤ 1 ig IE Buſhel. 
'17203-.2 64 32 8 1 Quartee. 


different weights with each other; for making 


MEC HANICS. 17 
The ſtandard for meaſuring corn, &c. is the 
Wincheſter gallon, which contains 268.8 cubic 
inches; and the Wincheſter buſhel, which contains 
eight gallons, or 2150.4 cubic inches. Eight buſh- 
els make a quarter; four quarters, a chaldron; 
five quarters, a load; and ten quarters, a tun. 
There was formerly in Scotland but one meaſure 
of capacity for ſolids; and ſome commodities were 
ſold by the exact meaſure of the ſtandard, and o- 
thers were heaped. But the laſt method was diſ- 
charged by law, becauſe liable to abuſe; and larger 
meaſures were appainted in its place. Hence mea- 
ſures, of the ſame denomination, for different 
things, are very different. Thus, the barley firlot, 
or four pecks, contains 3 206 cubic inches; and 
the wheat firlot, or four pecks of wheat, contains 
2199 cubic inches; or about a hundredth part 
more than the Wincheſter buſhel. | 


BRITISH WEIGHTS. 


CEP TROY WEIGHT. 
Grains. | 


24 1 Penny-weight. 
480 | 20 | 3 Ounce. WS 
2390 240 1 1 Found. 


The Troy weight was formerly uſed for every 
purpoſe; but it is now chiefly uſed for comparing 


experiments i in Natural Philoſophy ; and for weigh- 
ing gold, ſilver, jewels, &c. 
vol. 111, C 
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18 
AVERDUPOIS WEIGHT. 
© Drachms. 
16 - 1 Ounce. 9 25 
256 16 1 Pound. 


28072 21992 1.92 1 Hundred. | 
n 35940 2240 20 1 Tun. 
Di | | 
The pound Averdupois contains 7000 grains 


Troy. The ounce was formerly divided into eight 


drachms, and the drachm into three ſcruples; but 
the preſent diviſion is into 16 drops or drachms. 
A ſtone is equal to 14 pounds, and 28 pounds to 
a n. of a hundred. 


Tue Thone weight is the moſt autient' df un the 
kinds uſed in Scotland; but it has long been pro- 


hibited by law. The Scotch Troy weight was the 
ſame with that of Paris and Amſterdam; and is 
known by the name of Dutch weight. The Scotclf 


Troy pound contains 7600 Britiſh Troy grains; 
and is equal to 17 ounces, 6 drachms, Averdu- 


pois. The pound contains 16 ounces3 and 16 


pounds make a Kone. 


The variations, in different counties, are very 


great, both f in a weights and meaſures. 


WMH M7 Hd 365.0575 
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A Table of Meaſures, reduced to the Paris fathom 

or toiſe, foot, inch, line, and decimal parts of 
a line; according to the ſtandard of the Royal 
Academy of Sciences; which is the moſt accu- 
rate, and the beſt known in Europe, 


3 . Toile Lach Line Dec. 
The Engliſh foot e e ee 
The Rhindland foot VVV 
The Bologna foot enn s 50 
The Swediſh foot 9 1 t 75 
The Chineſe royal foot 0 11 9 9 
kd 
0 
0 


The antient Roman foot 230-20 90 


The antient Greek foot 111 
The Arabian foot 3 
The Alexandrian foot 1 9 
The Engliſh mile 830 Pd 0 0 
The modern Roman mile 764 o O 0 
The antient Roman mile 966 o o©o 0 
The Italian geograph. mile 958 o o 00 


A Table of ſome foreign weights, uſed in making 
experiments in Natural Philoſophy, compared 
with the * e e 


„„ . 5 Ce tb. 
Too pounds of Paris is equal to 108- 
100 tb of Lyons / | 03% 
100 - of Rome 04. I 
100 Ib of Turin 8 714 
5 C2 


N q & + 2 r 4 4 b 
At 1 1 
* I * þ ol "hs 4 5 . 92 8 * 4 1 1 
1 —_ - _—_— by ro 
„ tex th 72 2 2 * NA 15 4 
Lis 4 ls * . 5 ; is Fe J — „ ? * 0 
0 5 * — 1 F 
"Sd : a” 1 1 * * 3 1 2 


> Ewe bop 
* 
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5 


Averd, tb. 
100 tb of Amſterdam 1s equal to. 257.53 1082 
100 Ib of Geneva $7 1212 
100 tb of Sweden 5025 {25:4 e 
100 I of Ruſſia e $43: 43 884 


SECT. vi. 


OF e 


| PR 0 P., 1. | 
If a body i is projected in an oblique or + büriabn- 
tal direction, its path will be a parabola, when 
there is no refiftance from the air. The 
Of the variation from the parabolic curve, In 
the motion of projectiles, occafioned by the ne 
ance of the air. | 


PROP. W. 


When 1 impetus of a projected body, or the 
charge, is the ſame; the greateſt amplitude, or 
range, is made with an angle of elevation of forty- 


five degrees. Tp 
P R 0 p. CRE 


The amplitudes are equal, which are te with 
any angles of elevation, at equal diſtances from 


half a right angle, if the impetus be the ſame. 
Cor. Hence, of two elevations, that one may 


be taken, which 1 is the moſt convenient for hitting 


a mark, 


3 R 0 P. IV. 
With the ſame angle of elevation, the amplitude 


of a projected body is as the eh of the | ws 


tus, « or charge. . 


th 
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P R O P. V. 5 
The greateſt altitude, or height, of a perpen- 
dicular projection, is equal to half the greateft 
range. ; LS SONG : ? 
N OP.. YE 
If the impetus of a projectile be taken as the 
diameter of a circle, and a perpendicular be drawn 
from the circumference to the diameter, from the 
point where the line of elevation meets the cir- 
cumference; the diſtance of that point from the 
horizontal plane will be the greateſt height to 
which the projectile will aſcend ; and four times 
that perpendicular will be the utmoſt range, 
Con. If the amplitude and direction are given, 
the impetus and altitude may be found : if the 
impetus and amplitude are given, the direction 
and altitude may be found: and, in general, every 
thing relating to the impetus, elevation, ampli- 
tude, or path, of the projectile, may be found; 
whether the object to be ſtruck is in the ſame ho- 
_ rizontal plane with the point from which the bo- 
dy is thrown; or above that plane, or below it. 


8 EC T. vn. 
Of CENTRAL FORCES. 


„ | 
Centrifugal and centripetal forces, acting upon 
the ſame body, may overcome each other; or they 
may be in ſuch proportions, that the body acted 
upon will revolve in the ſame path. 


a MECHANICS. 
P R. O P. II. 


When a body, that is acted upon by a centrifu- 5 
gal and centripetal force, recedes from the centre 
* 5 by the firſt force, or accedes to it by the ſecond, di 
its path will be a ſpiral line: if the firſt is ſuſpend- tit 
ed, the body will move towards the centre; if the ec 
1 is ſuſpended, it will fly off in a tangent. 
PROP. III. 
A body will revolve in an ellipſe, by the compo- th 
49900 of a projectile force and centripetal force q1 
acting upon it; and if a ſtraight line is drawn from wa 
the body, to the focus of the ellipſe, that line will Re ſq 
deſcribe areas RE to the times in which 
the body moves. 3.4 
PROP. IV. pe 
17 two bodies are moved by SIG and een- 0 
tripetal forces; and if their periodic times, their ce 
quantities of matter, and diſtances from the centre af 
are equal; their centrifugal forces will be . 
| PROP. V. ; 
If their periodic times, and b 120 matter 4 
are equal, but their diſtances unequal ; their cen- 8 
trifugal forces will be as their diſtances. = 
N OF. VN. oy 
If the diſtances, and periodic times, are equal, 2 
1 but the quantities of matter unequal; the centri- 
NH fugal forces will be as the quantities of matter. 4 
PIR O P. VII. 85 th 
| The centrifugal forces of ſuch revolving bodice 15 
are in direct proportion to their quantities of mat- 2 
ter, multiplied into their reſpective velocities, or P 
TY | 7 0 85 
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into their diſtances from the centres of their re- 
ſpective orbits. 

Con. If the periodic times are equal, and the 
diſtances from the centre reciprocally as the quan- 
tities of matter, the e forces will be 
equal. | 

| | PROP. VII. | 

If the quantities of matter, and diſtances from 
the centre, are equal, but the periodic times une- 
qual; the centrifugal forces will be reciprocally 
as the ſquares of the periodic times; or as the 
8 of the velocities. 1 8 

Nr.. 

If the quantities of matter are equal, and the 
periodic times unequal; but ſuch, that the ſquares 
of the times are as the cubes of the diſtances, the 
centrifugal forces will be inverſely a as the ſquares 
of the diſtances. ' 

e Ih OF.” 


If two or more bodies are joined together, or 


connected by any force; and if they revolve round 
each other, they will revolve round their common 
centre of gravity, as their common centre of mo- 
tion. 

P R O P. XI. 


IFR any number of bodies are carried round in a 
vortex, the matter of which is denſer than that of 


the bodies, they will run into the centre in a ſpiral 


line: if it is not ſo denſe, they will recede from the 


centre in a ſpiral line: and if it is of the ſame 
denſity, they will have their periodic times equal, 
whatever their diſtances are. 


24 MECHANICS. 
FRN F., 
If a motion be given to a terraqueous ſphere, 
ſuch as that its centrifugal force can overcome its 


centripetal force, it will become oblate at the 
poles, 


S E c T. VIIL 
OF THE MOMENTUM AND COLLISION OF 
BODIES. 
„ 8 W-Pe--b 
The momentum of a body is in a ratio com- 


pounded of its quantity of matter and velocity, 
Cor. 1. The momentums of different bodies 


are to each other, in the ſame proportion as the 
products got by multiplying their reſpective quan- 


tities of matter into their velocities. 


Con. 2. A very ſmall body may have a mo- 
mentum equal to that of a very great body; if their 


quantities of matter, and celerities are reciprocally 
proportional, 


PROP. . 


The momentums of bodies may be the ſame, 


and yet their effects may be very different; accord- 


ing to their ſhapes and bulks; according to the 


ſhapes, bulks, and coheſions, of the bodies on 


which they act; and according to the times in 


which their forces are ſpent. 
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OF HARD, NON-ELASTIC, AND ELASTIC 
BODIES. 
There are no bodies on which experiments have 


been made, that are perfectly hard, perfectly non- 
elaſtic, or perfectly elaſtic. 


0 
Ik a non-elaſtic body impinges directly. on a non- 
elaſtic bady which is at reſt, or moving with leſs 
velocity the ſame way, the ſum of the momentums 
will be the ſame both before and after the im- 
volle. 
ps P R O P. . 

When two non-elaſtic bodies impinge directly 7 1 
on each other with contrary motions, the ſum of | 1 
the momentums, after the impulſe, will be equal to 3 
the difference of the momentums, before the im- 
pulſe. 

PRO P. VI. 

If the ſum of two conſpiring motions, or the 
diffrronce of two contrary motions, be divided by 
the ſum of the quantities of matter in non-elaſtic 
bodies, of which the collifion is direct; the, quo- 

tient will give their common velocity after the 
ſtroke. And if the velocity after the ſtroke be 
multiplied into the quantity of matter in each bo- 
dy, the products will expreſs the momentum of 
each body after the ſtroke. 

VOL, III. D 


2 W 
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FROF. YI. 


If a non-elaſtic body ſtrikes directly againſt an 


immoveable obſtacle, the whole motion of the bo- 

dy will be deſtroyed by the ſtroke; and, conſe- 

quently, the whole of its momentum. 
e, . 

When elaſtic bodies are ſtruck, they change 
their figure, and recover it again; and the elaſtic 
power of the ſame body exerts itſelf in one con- 
ſtant proportion to the compreſſing force. 
Con. The reſiſtance of elaſtic bodies is propor- 

tional to the ſpace thro which they at are forced. 
© DP LA 
When two equal and elaſtic bodies impinge di- 
rectly againſt each other with equal velocities, they 


will recede from each other, after the collifion, 


with the ſame velocities: and if one of them in 
motion impinges againſt the other at reſt, it will 


communicate its whole aden to the W and 


remain at reſt itſelf. 


PR OP. X. 


If two equal and elaſtic bodies, are moved in the 


fame direction, but with unequal velocities; after 


the floweſt moving body has received an impulſe 
from the other, they will exchange velocities, and 


continue in the ſame direction as before: and if 

they meet each other with different velocities, 
they will exchange velocities, and move, after the 
impulſe, in contrary directions. 5 


P R OF. I. 


In order to determine the velocity of unequal : 
_ elaſtic bodies after the impulſe; find the common 


has, ou K „ «@\ ons a 
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velocity with which the bodies would move, after 
the ſtroke, if they had been non-elaſtic; and find 
alſo the velocity loſt or gained: then ſubtract the 
velocity loſt from the common velocity; or, to 
the common velocity, add the velocity gained; and 
the difference, or the ſum, will be the velocity 


ſought : but, if the velocity loſt be greater than 


the common velocity, ſubtract the common velo- 


| city from the velocity loſt, and the remainder will 


give the velocity ſought, in a contrary direction. 
FR OP. XII. 


If an elaſtic body impinges againſt an immove- 


able obſtacle, it will rebound with the ſame veloci- 


ty that it came. 
P R O P. XIII. 


If there is a ſeries of elaſtic 3 1 and if one, 5 


or two, or more, at one extremity of the ſeries, are 
| Impelled againſt the reſt; an equal number will 


fly off, and with the fame velocity, from the other 


extremity. 
þ P R O p. XIV. 

In the oblique percuſſions of elaſtic bodies, the 
angle of incidence is equal to the angle of reflec- 


tion. The force of the oblique percuſſion, is to 


that of the direct, as the ſine of the angle of inci- 


dence is to the th : it may be reſolved into two 


impulſes; the one direct, and the other parallel to 


the tangent, at the point of impulſe : the effect of 


the firſt may be computed by the above rules; and 
the effect of the laſt will continue, after the colli- 


18 the ſame that it was Neibre⸗ -\ 
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28 MECHANICS. 
e 1K, 
or THE SIMPLE MECHANIC INSTRUMENTS. 
OF THE LEVER. 


When a power or force is applied perpendicu- 
larly to a lever, it will ſuſtain a weight, or impedi- 


ment, acting perpendicularly againſt the lever; if 


the power and weight are reciprocally to each 
other as their diſtances from the prop or ſupport: 


and if the power is increaſed, it will give motion 


to the weight; or, if the weight is increaſed, it 
will give motion to the power: and that, whether 


the prop is placed between the weight and the 
Power; or, the weight is placed between the power 
and the prop; or, the power is placed ene the 


prop and the weight. 


Cor. 1. Hence there are three kinds of NN 
The firſt, when the prop is between the power 


and the weight; the ſecond, when the weight is 


between the power and the prop; and the third, 


when the power is between the prop and the 
werpht. VER | 
Con. 2. The velocities of the power and weight 
are as their diſtances from the prop. 

Con. 3. A very ſmall power may raiſe a very 
great weight; if the length of the lever, and the 


ſpace to be paſſed thro by the power, can be in- 


creaſed in the . required by the pr opo⸗ 
ſition. 
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„ a bf Z 
If a lever is bent; or is made up of parts, 
which do not lie in one ſtraight line; the diſtan- 
ces of the power and weight from the prop, muſt 
be eſtimated by perpendiculars from the prop to 


the lines of direction of the power and weight re- 
e 


OF THE STEELYARD. 


PN OF. HI. 
In a ſteelyard, the matter on one fide of the 
prop, ought to ſuſtain the matter on the other: 
and the centre of gravity ought to be a little be- 
low the centre of motion; and then it is fit for 


_ examining weights according to the rule in the 
frſt pr opoſition. | 


| 
1 


OF THE COMMON BALANCE. 


ROF. IV. 

In a balance, the friction ought to be ſmall; the 
arms of equal lengths; the ſcales and ſtrings of 
equal weights; the centre of gravity, and the cen- 
tre of motion, ought to be different; and the cen- 
tre of motion ought not to be placed above the 

points of ſuſpenſion of the ſcales, 
Cox. By not obſerving theſe rules, a balance 
may be made that is inaccurate, or falſe. 

Of many common inſtruments, that are levers 
of the different kinds; and of the bones of ani- 
mals, which are levers of the third kind. 
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30 MECHANICS. 
OF THE WHEEL AND AXLE, 


PROP. v. 


In the wheel and axle, the power will ſuſtain the 
weight, when the power is to the weight as the di- 


ameter of the axle is to the diameter of the wheel; 
and if the power is increaſed, the weight will be 
moved; or, if the weight is increaſed, the power 
will be moved: their velocities being, reciprocally, 
as the circumference of the axle to the circumfe- 
rence of the wheel. | 


Cor. 1. 'The thickneſs of the rope, if conſide- 
rable, muſt be added to the diameter of the axle: 


and if a rope is coiled round the wheel, the thick- 
veſs of that rope muſt, in like manner, be added 


to the diameter of the wheel. 'Thus, if the rope is 
coiled once upon the axle, its ſemidiameter muſt 
be added to the radius of the axle: if twice, three 


times the ſemidiameter muſt be added: if a third 


time, five times the ſemidiameter z and ſo on. 


Cor. 2. E order to work the wheel and axle, 


continually, with the ſame advantage; if a rope is 
coiled upon the axle, and no rope is coiled upon 
the wheel, the power muſt be increaſed as the rope 


recedes from the axle; and in the above propor- 
ba. „„ 
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OF THE PULLEY, 


BE Nr. . 

No advantage is given to the power by a ſingle 
upper wheel, when conſidered as a mechanic in- 
ſtrument: but other advantages are gained; ſuch 
as, a ſmooth motion to the weight, leſs rubbing to 


the rope; and, by means of it, a man can do more 


work, on account of the make of his body. 
EN OF. Un. 
In a combination of upper and lower wheels, 
where one rope runs thro all the wheels, the power 


will ſuſtain the weight, when the power, is to the 


weight, as unity to the number of folds in the 

rope; the fold to which the power is applied not 

being taken into the account: or, as unity to twice 

the number of the lower wheels. 
nn... a oj: 

In a combination of wheels, where each lower 

wheel has its own rope, the power and weight will 


ſuſtain cach other, when the power, is to the 
weight, as unity to the number two multiplied in- 
to itſelf, as often as there are lower wheels; and, 


conſequently, if either the power or the weight i is 
increaſed, it will prevail. 


Nr. EK. 


In other combinations of wheels with different 


| ropes, the number two muſt be multiplied into 


Itſelf, as often as there are lower wheels; and 
the ſinking of the wheels muſt be added to the 
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Co. In all combinations of wheels in the pul- 


ley, the power and weight will be to each other 


as their reſpective velocities reciprocally. 


Of the advantages, and. diſadvantages, of diffe- 


rent combinations of wheels; and of the beſt me- 


thod of fitting up the pulley for uſe. 


OF THE INCLINED PLANE. 


P R O P. X. 

If s a power, which acts in a direction parallel to 
an inclined plane, is, to the weight to be raiſed, as 
the perpendicular height of the plane is to its 
length, the power will ſuſtain the weight. 


Cor. By the inclined plane, weights may not 
only be raiſed; but by it, as with a lever, a very 
| ſmall power will ſuſtain a very great weight; if 
they are to each other, as the height of the plane 


1s to its length. 


or bon: WEDGE. | 


All bodies” to which the wedge is 1 may, 
at a medium, be reduced to three kinds: ſuch as 


do not fly before the wedge; ſo that every part of 
the cleft is in contact with it: ſuch as fly ſo much, 
that no part of the cleft is in contact with it, but 
at its upper extremity: and ſuch as fly to its mid- 
dle; ſo that one half of the ſide of the wedge is in 


contact with part of the cleft. An example of the 
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MECHANICS. 9 
firſt kind is clay, or ſoft lead; of the ſecond, dry 


fibrous elaſtic wood; and of the third, ſtones, or 
ſoft timber. 


PROP. XI. 


In the fingle wedge; the power, that is, the mo- 
mentum of the hammer and wedge, will be equal 
to the reſiſtance; that is, to the coheſion of the 

body to be cloven, with the weight of the matter 
that is moved; and if increaſed, will overcome it; 
when the power is to the reſiſtance, as the ſquare 
of the length of the cleft is to the area of the tri- 
angle formed by the cleft, at every ſtroke, And 
in the double wedge; as twice the ſquare of the 
length of the cleft, to the two triangles formed 

by the cleft. 

Or, if the time in which the effect is produced 
is not conſidered, and the action of the reſiſtance 
is at right angles to the ſides; then the whole re- 
ſiſtance, on both ſides of the wedge, is to the 
whole power of the wedge, when they ſuſtain each 

other, as the ſquare of the ſide of the wedge is to 
the rectangle, under half the back, and the 185 
Nene height. 


OF. THE enk. 
= R 0 F. XII. 


In the "EM if the power is to ) the weight or 

refiſtunce, as the diſtance between two of the 

neareſt threads, meaſured upon the axis, is to the 
vol. = E 
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circumference of the circle deſcribed by the power, 


they will ſuſtain each other; and if the power is 
increaſed, it will move the weight; and on the 


_ contrary, 


Cox, If the diſtance between two of the neareſt 
threads is diminiſhed, the power will be increaſed; 
or, if the diſtance is increaſed, the power will be 
diminiſhed; and in exact proportion. 


OF THE PERPETUAL SCREW. 


0 PROP. XIII. 
In the perpetual ſcrew and wheel; if a weight 


acts at the circumference of the wheel, the power 


will ſuſtain the weight, when the power is to the: 
weight, as the diſtance of the teeth or — I 
the path deſcribed by the power. 


PROP; XIV. 


All the mechanic 10 tune are not 3 fit 
for producing the ſame effect; ſo that a choice 
of them muſt be made, according to the effect. 
required. 


Tho the power may be increaſed by the appli- 


cation of a mechanic inſtrument, yet a greater 
effect cannot be produced by it, in the ſame time; 
but the time muſt be increaſed in the direct ratio 


of the increaſe of the power. 
In eſtimating the power; the weight of the 
matter of which the inſtrument is made, and the 


friction of its parts, muſt be added or ſubtracted, 
according as it is for, or againſt, the power. 


MECHANICS. 
SOT. Xx. 
OF FRICTION, 


PROP. I. 

The ſofter, or rougher, the bodies are which 
rub upon each other, the greater, in general, is 
their friction. If their preſſure is increaſed, their 

friction will be increaſed in the ſame ratio, all o- 


ther circumſtances being equal. If their velocity is 
increaſed, their friction will be increaſed; but not 


in the ſame proportion: and the increaſe and di- 


minution of the ſurfaces makes, in general, no 


change in the friction, while the preſſure and ve- 
locity are the ſame; but there are variations from 
* in particular caſes. 


RO F. H. 


Wood ſlides more eaſily upon the ground, or 
_ earth, in wet weather than in dry; and more ea- 


ſily than iron, in dry weather; but iron more ea- 
ſily than wood, in wet weather. A cubic piece of 
{ſmooth ſoft wood, eight pounds in weight, mov- 
ing upon a ſmooth plane of ſoft wood, at the rate 
of three feet every ſecond, has a friction equal to 


about two thirds of its weight : ſoft wood, upon | 
hard wood, has a friction equal to one fixth part 


of its weight: and hard wood, upon hard wood, 


Has a friction equal to 8 one eighth of its 


bw pug 
0216 5 Þ R O P. III. 


In wood rubbing upon wood; oil, or greaſe, 


| Ne applied, makes the friftion about two 
K 2 
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thirds leſs. Wheel naves, when greaſed, have four 
times leſs friction than when wet. | 


„ BN OR 4" 
When poliſhed ſteel moves on ſteel, or pewter, 


properly oiled, the friction is about one fourth of 
the weight; on copper, or lead, one fifth of the 
weight; on braſs, one ſixth; and metals have more 
friction, when they move on metals of the ſame 


Kind, than when they move upon aJcrcnt metals: 
P R. OT. . | 


The fri&tion of ropes moving upon machines, 
differs according to their ſtiffneſs, their greaſe, and 
the ſtate of the weather, All circumſtances being 
equal, the difficulty of 'bending a rope, is as the 


ſquare of its diameter, and its tenſion directly; and 
reciprocally as the diameter of the cylinder or pul- 


ley about which it goes. A rope of one inch in. 


diameter, the tenſion of which is made by five tb 
over a pulley three inches in diameter, en the 
weight of One ib to bend it. ii 
P R OP. VI. 


In the 1 lever, the friction is er eaſily eſti. 


mated. by the above experiments. 
In the wheel and axle; the friction on the ale 
is as the weight, the diameter of che axle, and 
the velocity. V 


In the oullexs the rridtion on the axis is as the 


weight, the velocity, the diameter of the axis di- 
rectly, and the diameter of the pulley inverſely. 
A power of 100 tb, with the addition of 50 tb, will 


raiſe 500 lb with a tackle of five ropes; and 15 15 
over a ſingle pulley will raiſe. only 14 tb. The fric- 
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tion is great when the ſheves rub againſt the blocks, 
or when the axis and hole are much worn. 
PO P-VIE 

| FriQion on the inclined plane, is according to 
the matter, and ſurface, of which. the plane and 
weight are made, and the rubbing of the rope and 
wheel as above explained. 

In the wedge, and common ſcrew; the friction 
is great; and is, at leaſt, equal to the power, when 
5 retain the poſition which they have gained. 

PR OP. VII. 

In!n order to eſtimate the friction of any machine; 
begin at the power, conſider the velocity, and the 

weight at the firſt rubbing part, and eſtimate its 
quantity of friction as above. Proceed in the ſame 
manner with the next rubbing part, and ſo thro 
the whole, making an allowance for the increaſe 
of friction by every addition to the power. 

Of friction wheels; and other means of diminiſh- 
ing e beſides oil and greaſe. ] 


8 E C T. XI. 


of COMBINED MECHANIC INSTRUMENTS; | 
| | OR MACHINES. | | 


O15 21 PROP. A 
In a combination of levers; the power will fa: 

ftain the weight, when the power is to the weight, 

as the diſtance of the weight from the next ſup- 


port, is to the powers of all the levers mnltipies | 
into each other. 


Ai 


3 MECHANICS. 
| PROD. 
In a combination of wheels; the power will ſu» 


| ſtain the weight; if the power be to the weight, as 


the product of the diameters of all the axles, 
leaves, pinions, or trundles, to the produdt of the 
diameters of all the wheels. 
ERGO III. pe hears 
In every machine, the power mill ſuſtain the 
weight, when the velocity of the power is to the 
velocity of the weight, as the weight to the power. 


Cor. If a weight is moved by a machine, what 
is gained in power is loſt in time: and if a power 
is given, a greater weight may be moved with a 


leſs velocity; or, a leſs weight with a greater velo- 


city; but to do otherwiſe is 1 | 


PROP. IV 
Ik the power which moves a machine acts en- 


cd within it, and exerts its force againſt an ex- 
ternal object; then the power to move the machine 
will be the ſame as if the machine were at reſt, 
and the object were to be moved; ſuppoſing the 


object to be as eaſily moved as the machine. 


Cor. 1. If the external power to move any ma- 

chine be given; and if the machine is to be moved 

dy an internal power; that power may be found 
by ſuppoſing the machine to be at reſt, and the 
object to e the ſame PENCE: to 125 it 1 mo- 


tion. 


be not communicated to ſome external object, it 
will have r no power to more the machine. 


Cox. 2. If che power acting Abts a e 
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OF MO DELS, 


Of models for giving a diſtin conception of 
machines, | 


Of working models, or machines in miniature. 


A working model may be conſtructed ſo as to 
fatisfy the expectations of the inventor z and yet 
when a large machine is made with the fame pro- 
' portions, it may not work, or it may break in pie- 
ces; becauſe the friction, or the relative ſtrength 


of the parts, may not be the ſame that * were 
in the model. 


SECT: XIII. 


OF THE STRENGTH or T'IMBER, AND ROPES. 


PROP. L 
The lateral ſtrength of any piece of timber; the 
ſection of which is a rectangle, is directly as the 
breadth and the ſquare of the depth. 
| PROP. IL | 
In ſquare timber, the lateral ſtrength is as ths: 
cube of the breadth, or depth. 
8 Fc ME 
11 a weight be laid upon a ſtraight beam, fre 
ported at both ends; its bending will be nearly as 
the weight and length directly; and as the breadth, 
and ſquare of the depth reciprocally. 


40 MECHANICS, | 
5 | P R O Pp. IV. | N 


If any force be applied laterally to a beam, one 


end of which is fixed in a wall, the ſtreſs upon 
any place will be directly as the for ce, and its di- 
ſtance from the wall. | 


P R OP. V. 


If two beams are placed, ſo as to make the two 


Gdes of an iſoceles triangle, of which the baſe is 


in a horizontal plane; if a weight is equally dif- 


fuſed over them, or laid upon their middle; the 


ſtreſs upon the beams will be as their lengths, as 


the coſines of the angles which they make with 
the horizon, and as the weights. 


Cor. From theſe propoſitions we may ſee how | 
to ſave timber, and gain ſtrength, in erecting ma- 


chines, and building houſes and ſhips. 
| n 


A piece of good oak, taken lengthwiſe, with- 


out knots, an inch ſquare and a yard long, and 


ſupported at both ends, will bear in the middle, 
330 tb; but it ſhould not be loaded with above a 


third part of that weight, for any length of time. 
Wood is weaker when green than when dry: 


the wood of the branches is weaker than that of py 
the trunk; and the heart of the Wes when freſh 5 


and ſound, is the ſtrongeſt of all. 


The relative ſtrength of the Aceh kinds 1 


wood is, at a medium, as follows: oak as 1 2; yew 
as 11; aſh as 10 elm, as 9; walnut, as 8; fir, 


alder, plane, as 7; beech, hazel, birch, willow, as 


6, &c. 
Cor. Hence machines cannot be clas to 
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any bigneſs: joiſts of a certain length would break: 
trees, and animals, of a certain magnitude, would 
fall to pieces, by their own weight. 
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A rope of hemp, an inch in circumference, will 

bear 100 Ib; and the increaſe of the ſtrength of 
ropes, if very good, is nearly as the ſquares of their 
diameters; but neither beams, nor ropes, ſhould 
bear, for a long time, more than a third part of 
what they will caſily bear, when freſh, and newly 
made. 


Of fixing ropes in machines; and of the beſt 
method of making knots. f 


r. XIV. 
OF POWERS APPLIED TO MACHINES. 


P HOH. 1. 
It the moving force is a weight, a ſpring, wa- 
ter, or air, the laws by which they act are aſcer- 
tained in Gravitation, een Hydroſtatics, 
and Pneumatics. | 
PR O P. II. 
A man, of ordinary ſtrength, turning a roller 
by the handle, can work for a whole day againſt 
_ a reſiſtance equal to 30 tb. If he works ten hours 
in a day, he will raiſe that weight three feet and 
an half, in one ſecond of time: or if the weight is 
greater, he will raiſe it ſo much leſs in proportion. 
He may act for a ſhort time againſt a reſiſtance of 
vor. 111. . | 
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50, 60, or 70 tb. If the weight of his own body 8 
is 1 40 tb, he can draw about the half of that 1 
weight horizontally. If he is accuſtomed to bear | | 
loads, he will carry from 200 to 250 &ù; accord- 

ing to the manner in which he is loaded. 4 


If two men work at a windlaſs, or roller, they 
will more eaſily raiſe 50 tb, than one man will raiſe 
30 tb; provided the elbow of one of the handles 
is at right angles to that of the other; and with 
a fly or wheel applied, they will do a third part 


more work than without one; unleſs the machine pee 
is better made than thoſe that are in common 
uſe. | 8 1 
PROD. IM. 
The ſtrength of | one good horſe is commonly di 


equal to that of five men; and he will carry from 
240 to 270 th. He will draw to greateſt advan- 
tage, when the line of draught makes a ſmall angle 


with the horizon, and when he draws by his eq 

_ breaſt. In a gin he can draw 200 Ib for eight hours tu 

in a day, at the rate of two miles and a half every an 

hour. If he draws 240 tb, he can work but ſix bo 
hours, and not go ſo faſt. In a cart, he can draw is 
1000 Ib. The worſt way of applying his ſtrength | 4 

is to make him carry, or draw, up a ſteep hill; & 
becauſe three men, each carrying 100 I up a hill, 

will go faſter than a horſe with 300 Ib. Tho 2 att 


borſe will draw in a circular path eighteen feet in 
diameter, yet he ought not to work long in one 
that is leſs than thirty feet in diameter, on account Gal 
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| of the diſadvantageous poſition given to his body 
in a ſmall circle. 


Of the ſtrength of oxen and mules; and of the 
beſt way of applying their ſtrength. 


SE F. XV. 
| OF MACHINES FOR WAR. 


Ot the raced, ſpear, dart, javelin, bow, arrow, 
fling, Kc. 


Of bucklers, helmets, coats of mail, &c. 


The battering ram, baliſta, and catapulta, of 
different Kinds, eine by working models. 


PR 9 | 
The momentum of a battering ram may be 
equal to that of a cannon ball; and the momen- 
tum of ſtones, &c. thrown by the engines of the 
ancients, may be equal to the momentum of 


bombs. 


+ ot the teſtudo, muſculus, crates, pluteus, vinea, 
c. 

Of 4 fortified 8 of the ancients. Of their 
attack and defence. | 


The 3 cannon, &c.; ; mortars, bombs, car- 
calles, &c. explained by models. 
F 2 
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Of faſcines, mantlets, &c. and the implements 
of attack and defence, 


The fortified towns of the moderns; and their 
attack and defence explained by modells 


$'E: CL. XK 


f OF MACHINES FOR"ZERICULTURE. 


The e plough, aT Kc. of different 


kinds, and the methods of uſing them to moſt ad- 
eee explained mo N | 


8 E er. NI, 


or WHEEL - CARRIAGES. 


Of the conſtru@tion of carts, waggons, and 


coaches, e e 
r NONE o we on irups 
A carriage is drawn on a horizontal plane with 
the leaſt force, when the wheels are of ſuch a fize, 
that the line of draught is parallel to the plane. 
Cor. Hence, if a line is drawn parallel to the 


plane, thro the higheſt point in the line of draught; 
and if a perpendicular is drawn from that line to 
the plane, and if the ſemi-diameter of the wheels 
is leſs than the perpendicular, the larger the 


wheels, the more caſily will the carriage be drawn; 


and, on the other hand, the leſs the wheels, the 
more eaſily will the carriage be drawn, if the ſemi- 
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diameter of the wheels is Frener than the * 
dicular. 


PROP. I. 


A s carriage is more cafily drawn with four equal 
wheels, than when the two fore wheels are {mal- 
ler than the two hind wheels. 


P R O P. III. 


le the fore wheel are leſs than the hind wheels, 
a carriage will' be drawn with much greater eaſe, 
when the load i is behind, than when before. 


P R 0 > iv. 


If a carriage is drawn up a hill, or upon an in- 
clined plane, the power will ſuſtain the carriage, 
when the power, or force, is to the weight, or 
carriage; as the height of the plane, or the ſine of 
the angle which the plane makes with the hori- 
_ is to the n of the > phine.” 

of the advantages wad: diſadvantages of the 
carriages that are in common uſe, and of broad 
Oey upon different kinds of roads, 


Of the beſt method of Making roads; and of 
the great diſadvantage of making ſtraight-line 
roads for carriages, in a hilly country. 
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* 


"8807. xm 


oF MACHINES ee 


tries. 


Of the foundations of buildings, according to 
the nature of the ground. Of piles for founda- 


tions; and working models of engines for driving 
them. Of walls. Of roofs. Of arches; and the 


principles of their conſtrution. 


Of piers. Of bridges; ; and the bet method of 


confruting thus) Ft 
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The piers of a bridge may be built upon plat- 
88 and piles, laid beneath the bed of a river, 
with every conveniency for the men to work, and 


full time for the cement to dry; tho the courſe of 
the river ſhould not be changed... 


OF MACHINES FOR MANUFACTURES. 


Of the ſpindle and diſtaff. Of the ſpinning 
wheel. Of the twiſting mill. Of looms; and A va- 
re of machines for manufactures. 


Ot the architecture of differcat ages, and coun» 


| 
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1 8 . » * 
or MACHINES FOR MEASURING TIME, 
Of the clepſydra, and lamp, &c. of the ancients. 
Of the ſand-glaſs, candle, &c. of the moderns. 
Clocks, watches, time-keepers, and their vari- 
ous improvements, explained by models. 
SECT. XXI. 
OF SPHERES OF THE WORLD, 
Of the various contrivances of armillary ſpheres, 
globes, &c. for explaining the Phenomena of the 
_ heavens, 
c ͤ ĩ m 
was made by Archimedes; and of ſimilar machines 


by Pofidonius, and Severinus Doethius, &c. 


Of planetariums moved by clock-work. Of 
thoſe at Lunden, Straſburgh, Lyons, &c. 


Of the orreries made in London in the begin- 
ning of the eighteenth century, and at preſent 
uſed in the different countries of Europe. 
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8E CET. XIII. 
OF PERPETUAL MOTIONS. 
Of various machines that have been contrived 
in order to move continually ; without an exter- 


nal power acting upon them. Of the cauſes of 
the want of ſucceſs in ſuch attempts; and of the 


uſeleſsneſs of ſuch machines, tho they could be 


made in the way commonly propoſed. 


Or 


HYDROSTATICS. 


Or THE COMPRESSIBILITY OF WATER» 


PROP: A 


Common water may be conſidered, without any 


error in Hydroſtatics, as an incompreſſible fluid: 
for its diminution in bulk by preſſure is very in- 
conſiderable z it being leſs than one part of 10,000, 


in an ounce of water, when PO wy a farce. 


equal to 14 I, 


Cor. 'The laws to which water is ſubject, may 


be applied to other incompreffible fluids; allow- 
ance being made for the difference of their nl» 
ties. 


8 E C I. II. 


OF THE nienr, AND PRESSURE OF WATER, 


P R 0 . 
Water weighs, or gravitates, in water; or in 
oye tbe] as well as in air, or in vacuo. 


PROP. II. 


Tze ſurface of water, when at reſt, is ict 
to the horizon. 
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This is only true with regard to our ſenſes, and 
with regard to ſuch quantities of water as are in a 


jar, pond, &c.; for the ſurface of water in ſmall 
veſſels is ſenſibly convex, or concave; according as 


the ſides of the veſlels are dry or wet; and the ſur- 


face of a drop of water, and of the Ocean, is ſen⸗ 
ſibly ſpheroidical. 


Cox. Hence the ſurface of water is employed 


fr making planes parallel to the horizon: and 


hence the uſe of fluid levels; that is, of water or 
alcohol encloſed in glaſs tubes, with a bubble of 


air, and an apparatus for giving ſmall elevations. 


„„ 


The parts of water preſs each other; and they 
preſs, at the ſame depth, with the ſame force, in 


every direction. 


PR OP. IV. 


Tf water is at reſt in any veſſel, the baſe of which 5 
is parallel to the horizon; the preſſure of the wa- 


ter upon the baſe, is as the baſe and the perpendi- 
cular altitude of the water, whatever be the form 
and capacity of the veſſel. 

Cor. Hence a ſmall quantity of water may be 


made to preſs with a force equal to a very great 


quantity; or to the greateſt weight of any kind. 
P.R OF; . 
Water ſtands at the ſame horizontal height in 


_ communicating veſſels ; whatever be their forms, 
or the quantities of water which they contain. 


EM 2 


The preſſure againſt the baſe of a veſſel 


taining water, is as the area of the baſe multiplied 
by the altitude or. the water. 


p 
it fb n 8 
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way PROP. VI. | 
The preſſure againſt the ſide of a veſſel, con- 


taining water, is as the ſquare of the altitude of 
the water. 


PROP. VII. 

In any plane that ſuſtains water, the centre of 
preſſure is the ſame as the centre of oſcillation, ſup- 
poſing the axis of motion to be at the interſection 
of the plane with the ſurface of the fluid. 


Cor. From theſe propoſitions it is eaſy to ſee 
what ought to be the ſtrength of the bottoms, and 
ſides of veſſels containing common water, a cubic. 
foot of which weighs about 76 tb Troy: and what 


is the beſt method of TY dams and ſluices for 
reſervoirs. 


. 
OF BODIES IMMERSED IN WATER. 


PN Of. I. 

The preſſure upon a ſolid body immerſed in wa- 
ter, increaſes in proportion to the height of the 
water above the ſolid; and if the body is ſmall, 
the difference of the preſſure upon its upper and 
under ſurfaces will approach to equality, as the 
height is increaſed. 

CoR. Hence brittle ſhells, &c. are not cruſhed 
tho at the bottom of the ocean: a bottle immerſed 
will break in pieces, or continue entire, according 
as it is empty, or full; and according to the preſ- 
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$2 HYDROSTATICS. 
ſure requiſite to drive in the cork: and hence wa- 


ter may be taken up unmixed, from different 
2 in the ocean. 


PROP. II. 

If a body of the fame ſpecific pravity with wa- 
ter; that is, of the ſame weight when their bulks 
are equal; is immerſed in water, it will remain 
wherever it is placed: if it is of greater ſpecific 


gravity than water, it will ſink to the bottom: and 


if it is of leſs ſpecific gravity, it will riſe to the top 
and ſwim, 


Cor. A hollow body, ſpecifically lighter than 


water, may have its ſpecific gravity increaſed by 


putting into it, before its immerſion, either water, 
or any body that is ſpecifically heavier than water. 
And a hollow body, ſpecifically lighter than water, 


and containing air, may be made to take different 
altitudes, after its immerſion, according as more 


or leſs water is forced into it by preffure _ the 
ſurface of the water. 


PROP. III. 


A body ſpecifically heavier than water, and Gt 
pended in it, loſes as much of its weight as a 
quantity of water weighs that is equal in bulk to 


the body ſuſpended. | 


CoR. The water gains as Weh 3 as che 


body loſes; and if a body ſpecifically lighter than 


water, is held in it by force, it will add to the 
weight of the water as much as the difference be- 
tween the ſpeciſic gravity of the body and of the 
water, and as much as a body of the ſame bulk 
and ſpecifically heavier would do, if ſuſpended in 
it. N 8 5 . | 


it 
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PRO F. IV. 
When a body is ſpecifically heavier than water, 
it will ſink in it with a force that is equal to the 


exceſs of its own weight, above the weight of an 
equal bulk of the water. 


e V 

If a body is ſpecifically lighter than water, it 
will riſe in it with a force that is equal to the ex- 
ceſs of an equal bulk of water above the weight of 
the body. 

PR O P. VI. 

A quantity of water equal in bulk to the im- 
merſed part of a body ſwimming on its top, is e- 
qual in weight to the whole body. 

Cox. 1. Hence the different weights put into a 
veſſel floating in water, may be known by the dif- 
ferent depths to which the veſſel finks; and the 
| whole veſſel with its contents, is to the part of it 
immerſed, as the ſpecific gravity of the water is to 
that of the veſſel with its contents. 
_ Cox, 2. A ſhip that is ſunk may be raiſed from 
the bottom, and brought to the ſhore, if con- 
nected by a tight cable, with a light veſſel that 
floats above her, during a neap tide; but if ſhe is 
ſunk where there are ſmall or no tides, by pump- 
ing a great quantity of water into the light veſſel 
before the ſhip is connected with it, and then 
pumping the water out of the n 


. VII. 


The heavieſt ſolid may be made to ſwim in was | 
ter, by keeping the water from preſſing upon its 


64 HYDROSTATICS. 
upper ſurface; and the lighteſt ſolid may be made 


to remain at the bottom, by keeping the water 


from preſling upon its under ſurface, 


METHODS OF FINDING THE SPECIFIC 
' GRAVITY OF BODIES. 
„ AU FOP-E 
If bodies which are compared together are of 


equal bulks, their abſolute weights will be as their 


ſpecific gravities: if they are of the ſame ſpecific 
gravity, their abſolute weights will be as their 
bulks: and if their abſolute weights are equal, 
their bulks will be POOR b AS their Tu 
gravities. 
P R 0 2 i. 

If bodies which are compared together, are not 
equal in their bulks, ſpecific gravities, or abſolute 
weights, their abſolute weights will be in a com- 

pound ratio of their ſpecific gravities and bulks : 
their ſpecific gravities will be in a compound ratio 
of their abſolute weights directly, and bulks in- 


verſely: and their bulks will be in a compound ra- 


tio of their abſolute weights directly, and their 

ſpecific gravities inverſely. 

Con. The abſolute weight of any body is as 
the product got by multiplying its bulk by its 


ſpecific gravity. The ſpecific gravity of any body, 
is as the quotient of its abſolute weight, divided by 
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its bulk. And the bulk of any body, is as the quo- 
tient of its abſolute weight, divided by its ſpecific 
n 


Of a . fluid, by means of which the ſpe- 
_ cific gravity of all Wann, both fluid and ſolid, may 
be compared. | 
NOF. H. 

Pure rain- water is the beſt ſtandard fluid; and, 
when it is uſed as ſuch, its temperature, and that 
of the body examined, ſhould be carefully mark- 
ed; otherwiſe errors muſt take place in making 
tables of the ſpecific gravities of bodies. 

er. IV; 
The ſpecific gravity of fluids ks be found by | 
the following methods. 

By weighing equal bulks of the fluids, W 
in the ſame veſſel; and their ſpecific gravities will 
be as their weights. 

By immerſing in rain- water a ſtraight les tube, | 
open at both ends, containing the fluid to be exa- 
mined, if it does not mix with water, and is ſup- 
ported by the preſſure of the rain- water; ſo that 
the height of the rain-water, and of the fluid in 
the tube, will be reciprocally as their denſities. 

By an incurvated glaſs tube, into one leg of 

which the ſtandard fluid is put, and into the other, 
the fluid examined, with quickſilver interpoſed in 
| ſuch a manner, as that the quickſilver will riſe to 
an equal height in both legs; and then the ſpecific. 
gravity of the ſtandard fluid will be to that of the 
fluid examined, inverſely as the heights of their 
upper ſurfaces above the quickſilver. 
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By the hydrometer, which when put into a fluid 


of greater ſpecific gravity than the ſtandard fluid, 


will riſe above the ſtandard mark; and when put 


into a fluid of leſs ſpecific gravity, will fink below 


the ſtandard mark; ſo that the denfities of the flu- 
ids compared, will be inverſely as the parts im- 


merſed. 


By a ſeries of glaſs bubbles, inkvenling and de- 


creaſing in ſpecific gravity, in a certain ratio, from 
the ſtandard fluid, ſo that when they are immerſed 
in a fluid, the ſpecific gravity of which is ſought, 
that one which is of the ſame ſpecific gravity with 
the fluid, will remain wherever it is placed. 


By ſuſpending in the fluids examined, at the arm 
of a hydroſtatic balance, a ſolid body of greater 


ſpecific gravity than the fluids, and putting weights 
to make an equilibrium, into the one or the other 


ſcale, according as the ſolid body rifes or ſinks; | 
and theſe weights will give the ſpecific gravity of 
the fluids examined, if the weight of the ſolid bo- 


dy in air, and in water, is known. 

Of unavoidable inaccuracies which take place in 
PR the firſt four of theſe methods. 

: DEE TSS opts, 


The ſpecific gravity of a ſolid, that is dente 


than rain- water, may be found * the following 
methods. 
By ſuſpending the body in rain-water, at the 


arm of a balance, and meaſuring the force with 


which it deſcends; which will give its e com- 
pared to that of the water. 


By this method. Weigh it firſt i in air, then | in 
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che ſtandard fluid by the hydroſtatic balance; 
make the difference of the two weights a diviſor, 
the weight of the ſolid in the air a dividend; and 
the quotient will be the number ſought: that is, 
if the ſtandard fluid is taken as unity, the quotient 
will have the ſame proportion to it, which the ſpe- 
cific gravity of the ſolid has to that of the fluid, 
PROP, VI. 

The ſpecific gravity of a ſolid, not ſo denſe as 
water, may be found by the following methods. 
By immerſing the body, and an inverted balance 

to which it is tied, in the ſtandard fluid; and mea- 

ſuring by another balance the force with which 
the body aſcends, and that will give its ſpecific 
gravity, 

By this method. Weigh i in air, and in e 
water, a piece of metal that is ſufficient to make 
the body ſink in water; tie them together with a 

horſe-hair; weigh them, when united, firſt in air, 
and then in rain- water; ſubtract the weight of the 
metal when alone in the water, from its weight in 
the air; and the remainder will be the weight of 
as much water as is equal in bulk to the metal. 
Subtract the weight of the united bodies in the 
water, from their weight in the air, and the re- 
mainder will be the weight of as much water, as 

is equal in bulk to the united bodies. Take the 
weight of as much water as has been found to be 
equal in bulk to the metal, from the weight of as 
much water as is equal in bulk to the united bo- 
dies; and the remainder will be the weight of as 
much water as is equal in bulk to the lighter bo- 

. H 
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dy; and the proportion which this weight bears 
to the weight of the lighter body, in air, will 


be the proportion of the ſpecific gravity of the 
water, to the ſpecific gravity of the lighter body. 


This operation will not be neceffary if there is 


a contrivance in the hydroſtatic bucket, for keep- 
ing bodies immerſed 25 are ſpecifically lighter 


| than rain-water. 


"PROP. VII. 


If the ſpecific gravity of two metals is known, 


and if a compound, of any ſhape whatever, is 
made from them by fuſion, the proportion of the 


two metals in the compound may be thus diſco- 


vered. Find the bulk of the compound, and the 
bulk of an equal weight of each of the two me- 


tals; and then as the difference of the ſpecific gra- 


vity of the compound, and the lighter metal, is to 


the difference of the ſpecific gravity of the com- 


pound, and the heavier metal; ſo is the bulk of 
the heavier metal to the bulk of the lighter metal; 
and ſo, conſequently, is the een of their 
parts in the compound. 


This method is only exact when the two bodies 
in the compound are united by appoſition, with- 


out any diminution or increaſe of their bulks. For 
ſome bodies, it would ſeem, penetrate each other 
when mixed; the ſolid parts of the one entering 


the pores of the other. Thus, if gold is mixed 


with biſmuth, zinc, or lead: ſilver with tin, biſ- 


muth, zinc, or quickſilver: copper with tin, iron, 


or zinc: lead with biſmuth, mercury, or zinc: and 


wax with ox-tallow; the bulk of the compound 


$i; 'Y 
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is leſs than it ought to be by the addition of the 
bulk of the one body, to that of the other. 
On the other hand, the pores of bodies are ſome- 
times enlarged by mixture. Thus, iron mixed with 
tin, zinc, biſmuth, regulus of antimony, or lead; 
and tin with zine, biſmuth, lead, or regulus of an- 
timony; and mercury with tin, biſmuth, zinc, or 
lead; are increaſed in bulk in a greater proportion 


than ought to ariſe from their bulks when added. | 


FAO: P:; K. 
If we would find out the ſpecific gravity of a 


body that is ſoluble in the ſtandard fluid, it may 


firſt be dipt in melted bees wax to prevent its ſo- 


lution; and as white bees wax may be refined ſo 


as to become of the ſame ſpecific gravity with wa- 
ter, there will be no error in the calculation. Or 
it may be weighed by the hydroſtatic balance in a 
fluid of known ſpecific gravity, that will not diſ- 
ſolve it; and its denſity compared to that fluid be- 
ing known, its ſpecific gravity compared to the 
ſtandard fluid will be known likewiſe. 

| RG 


When the ſpecific gravity of a body is exami- 


ned, care muſt be taken that it does not imbibe 
water: that the air is expelled from all its cavities: 
and that there is no repulſion between the water 
and it; for even gold will not fink, when immer- 


ſed in water, if it is beaten thin, and if the cor- 


puſcular repulſion between it and water is not 


PROP. Xl. 
t great accuracy is required in aſcertaining the 
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ſpecific gravity of a body, it is neceſſary that 


the denſity of the atmoſphere ſhould be known ; 
for according as it varies, ſo will the weight of the 


body that is weighed. Thus, when the atmoſphere 
is of a certain denſity, if a piece of a gold is ſu- 
ſtained by a braſs weight, in the oppoſite ſcale of 


a balance and the firſt has double the ſpecific gra- 
vity of the ſecond; if they are afterwards weighed 
when the atmoſphere is lighter, the gold will loſe 


but one half of what the braſs will loſe; and, con- 
ſequently, the former equilibrium will be 1 | 


ſtroyed. 
Cor. Hence, a buyer of gold will gain by a 


lighter atmoſphere, and loſe by a heavier : but 
the reverſe will take place, if what he buys is ſpe⸗ 
cifically lighter than the as 4508 that are uſed. 


A TavLE of the ſpecific gravity of fone bodies, 
when they and the ſtandard fluid are at the 
temperature 50 when the barometer is at its 
mean height; and the balance turns with the 


fifticth part of a grain. | 


8 . : 1,000 
Diſtilled water LS. | 993 
Salt water from the mouth of a a river 1,030 
Salt water from the ocean 185,680 
Aqua fortis 13,300 
Aqua regia e 15244 
Oil of linſeed 28 942 
Oil of ſaſſafraſe 1,099 


Alcohol "2 | 8 © + 


OO I OY 
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Spirit of wine 
Oporto wine 
Burguady wine 
Canary wine 
Diſtilled vinegar 
_ Cow's milk 
Goat's milk 
-Quickſilver diſtilled | 
Quick iilyer from a ſhop 
Sal gem 

Alum 
Nitre 

Amber 
Sulphur 
Diamond 
r 

Rock chryſtal 

Iceland chryſtal 
Aſbeſtos 5 

Granite ſtone 
Chalk 

Talc 

Loadſtone 

Fine gold 
Britiſh ſtandard gold 
Platina as from the mine 
Parts of platina ſelected 
Platina cupelled vith lead 
Fine ſilver 
Britiſh ſtandard filver 
Lead when pure 


Copper 3-26 % 


61 
876 
993 
964 
15043 | 
15011 
1,009 
14,000 


13,500 


2,143 
1,714 
1,900 
1,50 
1,800 
35400 
25512 


2,659 


2, 20 
2,943 
2,460 
2,470 
2,654 
1,840 


19,640 
18,888 
16,995 
| 27,500 


19,240 


11,091 
10, 535 


ES a en ans, 


HYDROSTATICS. 


„ 7540 


won 8,000 
Steel . e 
Oak : 926 
Fir | X 5 46 
Lignum vitae 1,367 
Lignum guiacum 1,337 
-Cork Ts # 240 
Bees wax refined net 1,000 
SECT.” aſs 
| Or THE MOTION OF WATER BY 118 oN 
PRESSURE. 
PR 0 P. 1. 


nf a veſſel contains water, and an aperture is 


made in its baſe, the water will flow with degrees 


of velocity conſtantly diminiſhing, and the veloci- 


ties, at given times, will be in the duplicate ratio 
of the altitudes of the water above the aperture; 
provided no ſenſible retardation is produced by 

the corpuſcular attraction, the friction, the reſiſt- 


ance of the air, or the reſervoir's being ſo ſmall, 


compared to the aperture, that there is an irre- 
: glans communication of the preſſure. 


PRO P. II. 
If an aperture is made in the ſide of a veſſel, 


| the water will flow till its ſarface is in the ſame le- 
vel with the loweſt part of the aperture; and its 
velocity will be as expreſſed in the laſt propoſition. 
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OF THE QUANTITY OF WATER THAT FLOWS 


THRO APERTURES IN VESSELS. 


PROP. I. 


When equal apertures are made in a veſſel, the 


quantities of water that flow in a given time will 
be as the ſquare roots of the heights of the wa- 
ter above the apertures; provided no ſenſible re- 


tardation is produced by the cauſes above men- 


tioned. 
P R O P. I. 


The height of water in a veſſel being the ſame, 
and the apertures different, the quantity that flows 


in a given time, will be as the apertures; and if 
they are circles, | in the duplicate ratio of the dia- 
meters. 


Cor. The quantities which flow are in a ratio 
compounded of the times, of the apertures, and 


of the ſquare roots of the heights. 
RN OP. II. 


If cylindric veſſels containing water have the 
ſame heights, and the ſame diameters, but une- 


qual apertures, the times in which they will be 
emptied will be to each other inverſely as the aper- 


tures. And if they have the ſame heights, and 


_ unequal diameters, they will be emptied thro 
equal apertures, in times eln are to each other as 
the diameters. 1 


Cor. 1. The times in which eylindric veſſels 


are emptied are in a ratio compounded of the ba- 


* be, "aa. 
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ſes, of the ſquare roots of the heights, and of the 
inverſe ratio of the apertures. 

Co. 2. If apertures are made at heights from 
the baſe of the veſſel, which heights are as the 
ſquares of numbers in arithmetical progreſſion, 
each of the diviſions of the veſſel between the 
Ro Is a be emptied in the ſame time. 

FER OP. V. Fo 5 

| If a tube is ; kad to the apertures in the baſe | 
of a veſſel, a greater quantity of water will flow 
than when there was no tube; and if the lower end 


of the tube is wider than the upper end, a greater 
quantity will flow than if the tube were a cylinder. 


A Ta BLE of the quantity of water which flows in. 
an hour, thro an aperture of an inch ſquare, 
when at different depths below the ſurface of 
the reſervoir: and of the quantity which flows 
in an hour, thro an aperture in the form of a 
parallelogram, one inch in breadth, and of the 
length marked in the laſt column; the upper. 
end of the parallelogram being in the ſame plane 
with the ſurface of the reſervoir, 


Quantity from Quantity from Depth 


the ſquare aperture. the ſlit aperture. below the ſurface, 
Tons. Tons. Inches. 
1,04 15,04 I 
; 1,46 2,50 . 2 
15,79 4,29 3 
2,08 „ r 
az 3D {> | 8,68; 5 ſes 


$,02 


ws or SPOUTING WATER, 


PROP. 


8 E C r. : vn. 


_ f 


05 


HT D ROST AT ICS. 
| Quantity from | Quantity from _ Diſtance 
che ſquare aperture. the lit aperture. helow the ſurface. 
Tons. Tons, Inches. 
2,53 417521 6 
2574 13595 7 
292 16,87 8 
3512 1919 9 
3,28 22,47 10 
3544 25,81 It 
3558 29539 1 2 
3374 33513 13 
3,88 36,91 14 
3,98 40,86 LF 
4,16 45,02 16 
4,28 49,30 | 17 
4,40 537 18 
45 52 38.22 9 
4, 62 62, 84 20 
4,76 67,60 21 
4,87 725,47 22 
4,94 77741 23 
5,506 82,47 24 
87,67 


A vertical j jet never riſes to an equal height 


VOL. III. 


| 


"ws the ſurface of its reſervoir, of which theſe 
are the cauſes, 
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When the higheſt particles of the water: ceaſe 
to have motion, they become a load, for ſome 
time, upon the top of the jet. 

A diminution of velocity is communicated to 
every part of the jet, by the friction of the parti- 
cles of the water, that are in contact with the a- 
perture. | 


The momentum of the jet is reſiſted * the air 
which ſurrounds it. 

Cor. Hence the jet will increaſe in thickneſs 
from the aperture to its ſummit. 


PROP. II. 


The firſt of theſe eauſes may be removed by 
giving an inclination to the jet; but then jt is not 
truly vertical. The ſecond cannot be entirely re- 
moved: it may, however, be diminiſhed by a pro- 
per conduit-pipe, and a thin plate of metal in- 
ſtead of a conical ajutage, or ſpouting pipe. The 
third may be diminiſhed by rarifying the ſur- 
_ rounding air; and it may be almoſt entirely re- 
moved, if the jet is fo ſmall that it can be placed 
in vacuo, 


PROP. 11. 

There is a maximum and a minimum in dimi- 
niſhing the above cauſes of retardation. By. in- 
_ creaſing the diameter of the aperture, the friction 
will increaſe only as the diameters, while the mo- 
mentum will increaſe as the ſquares of the diame- 
ters; but as ſoon as the momentum deſtroys the 


2 
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coheſion of the water, it ceaſes to be a jet. On the 
other hand, when the momentum is ſo ſmall that 
the jet cannot act with a certain force againſt the 
cauſes of retardation, the jet will be broken into 
ſmall ſtreams, or 'its altitude will be diminiſhed. 
In order, therefore, to get the greateſt height, and 
greateſt ſize of a clear, unbroken column of wa- 
ter, the mean of the greateſt advantages muſt be 
taken; and this is found, by experiment, to be as 
in the following table; which contains the height 
to which jets will riſe in feet and decimal parts, 
from reſervoirs of different altitudes, from five 
feet to an hundred. 


Fa” 


Ref. et. Ref. Jet. _ Ref. Jets 
5 4791 20 18,82 33 31163 
%%% 19370 30-3247. 
7 6,84 22 20,58 37 32,29 
8 7,80 23 "21,40 © ,-38 34,11 - 
%. 39 34,93 
160 9,68 4 23 20 40 35774 | 

11 10,62 26 24,06 41 36,55 

12 11,5 27 24,92 42 37,35 
13 12,48 28 25,978 43 38,14 
14 13,40 29 26, 63 44 33, 93 
15 14,31 30 27,48 45 39,75 
16 15,22 31 28,32 46 40, 53 
JJJVVVVVVVV 47. 4h 
18 17,03 33 % _ - -43-:42,00 
19 17,93 34 39,83 49 42,87 


Reſ. ! Jet. 
50 43,65 
SI 4 
3 45560: 
53 45,96 
54 46,72 
55 477,48 
56 48,24 
57 48,99 
58 49574 
59 505,49 
60 515 24 
61 51,99 
62 525,73 
* $3347 
64 54, 20 
65 54,93 
66 55,66 


Reſ. Jet. 
67 56, 39 
69 57,84 
70 58,56 
71 59,28 
72. 60, a 
74 61,42. 
75 62, 13 
76 62,84 | 
77 63,54 
78 64, 24 
79 04,94 
80 65,04 
81 66,33 
82 67,02 
83 67,71 
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Ref. Jet. 


84 68, 40 
85 69,08 
37 70,47 
88 71,14 
89 71,81 
90 725,48 
91 73,45 
92 735,82 
93 74,49 
94 75,16 
„ 75583 
96 70,49 
97, 7192.15 
98 | your 
99 78, 47 
190. . 79% 2 


It is found, by experiments, that if a reſervoir 


: is five feet high, and its conduit-pipe one inch and 

three fourths in diameter, and not exceeding about 
100 feet in length, it will admit of an zutage, 
from one fourth to three eights of an inch, i in di- 


ameter; and ſo on as follows. „ 


Height of the Diametir of the Diameter of the 


_ reſervoir. conduit-pipe. ajutage. © 
Feet. Inches. Sod Inches. 1 
1 ] 


HYDROSTATICS. 69 


Height of the Diameter of the Diameter of the 


reſervoir. conduit- pipe. ajutage. 
Feet. Inches. Inches. 
{oO 263-047 BE 4 
rt: ae ee e 
e e A 
VVV 2 
60 5+ to 6 1 
8 64 to 7 11 
100 e ee 14 to 12 
„ 


Oblique and horizontal jets are not ſubject to 
the firſt of the cauſes which retard the yertical jets. 
Their momentums and amplitudes may be aſcer- 


. tained by the. above propoſitions, and by thoſe 
CONES projectiles. __ 


"PROP. J. 


Ik a ſemicircle is drawn upon the altitude of 4 
reſervoir as a diameter; and if a perpendicular is 
drawn from any point in that ſemicircle to the di- 
ameter, twice the length of the perpendicular will 
be the amplitude of a horizontal jet, iſſuing from 

an aperture at the point where the perpendicular 
meets the reſervoir; the amplitude being meaſured 
upon a horizontal plane paſſing thro the baſe of 
the reſeryoir. If the amplitudes are not meaſured 
upon this Phan. but b one em to it, and 
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will be different, as determined concerning bodies 
projected from points that are above the plane 
which they ſtrike. | 
Con. The greateſt amplitude meaſured upon a 
plane paſſing thro the baſe of the reſervoir, will be 
got by an aperture made in the centre of the ſemi- 
circle; and if one aperture is made at the ſame di- 
ſtance from the baſe, that another is from the ſur- 
face, of the reſervoirz. their wo, rar will be : 
qual. VVV 


„Sr I. 
or CONDUCTING WATER IN PIPES. 


op R o P. I. l 
Water will caſe to the ſame horizontal level ih 
condult-plpeb; ; but will not run unleſs the place of 
delivery is lower than the reſervoir: and the velo- 
city with which it will run at different diſtances 
below the height of the reſervoir, will be in the | 
re n Hy ratio of the diſtances. | 


1 o. II. 

„ Condutt-pipes will deliver but a {mall quantity 
of water, unleſs they are freed of the air which' is 

| continually entering with the water; and this 1 is 


85 done by ar and riders of different Fac. 


3 „ 0 > un d nin 


orf briüging water Ad reſervoirs to towns and 
houſes. Of the ſtrength to be given to conduit- 
pipes in different parts of their courſe: and of the 
beſt method of laying them; ; 8 to the | 
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places over which they are carried, and the coun- 
tries where they are uſed. 


Of ſtoppers to pipes, moved by the water; and 
& the beſt kinds of nee | 


Of the fridtion, and thc ef water, in 
pipes; when moved by its own e and 27 the 
force of machines. | 


. 
OF SPRINGS, OR NATURAL FOUNTAINS. 


PR 0 P. I. 

It has been found, by experiment, that the 
fountains in ſome countries, yield more water 
than what comes from. the clouds, in thoſe coun-. 
. 1128 in the form of rain and ſnow. 


Of the hed of 3 the water that is 
yielded by fountains; and of pluviometers of nad 
ferent Nadz. | 


Of the hypotheſes that have been formed to 
account for the produce of fountains, oY ſubter- 
rancan e from * ocean. 


PRO p. 111 
The water produced from the atmoſphere, by 
rain, ſnow, fleet, &c. and by condenſed vapours, 
haas been found to afford a ſufficient ſupply for 
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the fountains, i in particular diſtricts, which receive 


no additions from diſtant ſubterrancous E or 
1 


* 


Ot common fountains ; which are temporary, 
or perennial: of intermitting, and W 


gan _ . cares 1825 an 


of 8 ; 04 the beſt method of making; 


and FEY them in F 


Tec 2 


„ 115 „ 


or REGU LA * KrveRs. 


2 R 0 P. Ki 
. a regulas river, the particles of the water are 


equably accelerated as they come from the reſer- 
voir or ſource; and in the ratio of the ſquares of 


perpendiculars drawn from the river, to a hori- 


Zontal plane paſſing thro the ſurface of the reſer- 
voir. 


Cox. Hence the lower part of the water will 


move. faſter than the upper; and the celerity of 
the lower and upper parts will pray: to 2 


lity, as the river goes on. 
. P R O P. II. 
The water of a regular river diminiſhes in depth 


as it recedes from the ſource; but while it is in a ö 
permanent ſtate, the fame quantity of water flows 


in the ſame time, thro every ſection of it. 
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